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Description

Background of the Invention

This invention relates generally to electronic test
instruments and in particular to a test instrument
adapted to automatically test semiconductor diodes by
displaying both the actual diode orientation relative to
the test probes and the forward bias junction voltage.

Semiconductor diodes are typically constructed of
silicon or germanium material with two dissimilarly
doped regions abutting against each other to form a
junction. This junction has the property of allowing the
conduction of electrical current in one direction and not
the other. Diodes are used in a wide variety of electrical
and electronic applications and play a number of differ-
ent roles, including rectifiers in power supplies, switch-
ing elements in high frequency circuits, voltage
references, and detectors. While the construction of
diodes varies as widely as their applications, their com-
mon feature is in allowing current flow in one direction
as a unipolar device. Test instruments adapted for test-
ing diodes seek to exploit this unipolar feature in provid-
ing information on the condition of a diode during
service and troubleshooting operations. The terminals
of the diode are labeled as the anode and the cathode.
The physical orientation of axial-leaded diode is typi-
cally indicated with the cathode as the banded end.
However, diodes are often unmarked and sometimes
mismarked, and the test instrument must be able to
resolve the correct orientation of the diode relative to
the test probes.

Curve ftracers are typically large, sophisticated
instruments designed for the laboratory environment to
precisely characterize semiconductor devices over a
continuous range of voltage and current levels. Curve
tracers commonly provide for a bipolar test signal in the
form of a swept current or voltage that sweeps from a
negative to a positive voltage while the instrument mon-
itors the desired device response and traces a curve on
a display for the user. In this way, a complete diode
curve including both forward and reverse orientations
may be traced out to provide detailed information on the
diode resistance, forward junction voltage, and reverse
breakdown voltage, among other parameters. Such
information is important to electronic designers. How-
ever, the curve tracer is ill suited for a troubleshooting
environment in which the technician only wishes to
know whether the diode is "good” or "bad" as well as the
diode orientation relative to the test probes.

A digital multimeter that includes a resistance
measuring function is the most common troubleshoot-
ing tool. Testing a diode with the resistance measuring
function involves measuring the resistance across the
diode first in one direction and then in the other. The uni-
polar nature of the diode provides for a relatively low
resistance in one direction and a relatively high resist-
ance in the other. A more meaningful indicator of a con-
dition of the diode is its forward bias junction voltage. A
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diode constructed of various types of semiconductor
material, such as silicon, tend to exhibit well-known volt-
age drops across the junction while the diode is biased
in the forward direction. Silicon diodes tend to have a
forward bias junction voltage in the range of 0.55 t0 0.6
volts. Consequently, instrument manufacturers have
implemented a diode test function in their digital multim-
eters that provides a measure of the forward bias junc-
tion voltage by coupling a d.c. (direct current) voltage
source across the diode in the forward bias polarity and
measuring the voltage drop across the diode.

A failed diode most commonly resembles either an
open circuit or a short circuit, which are conditions rela-
tively easy to detect with a multimeter. A "good” diode is
one that conducts current in the forward direction only
and assumes a forward bias junction voltage within an
anticipated voltage range. A reverse-biased diode
resembles an open circuit with no current flow. Evaluat-
ing diode orientation requires knowledge of the direction
of the current flow through the test probes which are
typically supplied in red and black colors to indicate a
predetermined polarity. According to standard industry
convention, the black test probe is placed on the anode
and the red test probe is placed on the cathode to obtain
the proper polarity to forward bias the diode and thereby
obtain its forward bias junction voltage on a digital mul-
timeter. The user must still manually probe the diode in
both orientations in order to fully evaluate the function of
the diode in both polarities.

Therefore, it would be desirable to provide a porta-
ble test instrument that has the capability of evaluating
a diode in both directions, with no need for the user to
manually reverse directions with the test probes, to sup-
ply information to the user regarding the diode forward
junction voltage and the orientation of the diode relative
to the test probes if the diode is deemed to be good and
otherwise to supply information on whether the diode is
open or shorted. In cases where there is no clear bipo-
lar nature of the device being tested, such as a resistor
that conducts current equally in either direction, the
instrument simply returns information to the effect that
the device is unknown.

Summary of the Invention

In accordance with the present invention, a portable
electronic test instrument is provided that supplies a test
voltage first in one direction and then in the other direc-
tion to a device coupled to the instrument test probes.
The maximum voltage drops across the device in the
positive and negative polarity are stored as measure-
ment data. A first comparison is made for the maximum
voltage drop in the positive polarity against a set of pre-
determined open and short circuit values. A second
comparison is then made for the maximum voltage drop
in the negative polarity against the predetermined set of
open and short circuit values. The results of the first and
the second comparison are device conditions of open,
short, or ok.
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The results of the first and second comparisons are
used to determine whether the device is an open circuit,
short circuit, diode, or an unknown circuit, according to
a decision criteria. If the device has a forward voltage
drop which is within predetermined limits for semicon-
ductor diodes in one polarity and a reverse voltage drop
equal to the test voltage in the other, it is deemed to be
a diode device and the instrument provides the diode
forward junction voltage and orientation to the user on
the instrument display. If the voltage drop is below a pre-
determined threshold for a short circuit in both direc-
tions, the instrument responsively provides an
indication of a device short circuit to the user. If the volt-
age drop is above a predetermined threshold for open
circuit in both directions, the instrument responsively
provides an indication of a device open circuit to the
user. In all other cases where the comparisons fall out-
side the criteria for an open circuit, short circuit, or nor-
mal device, the instrument displays an indication of
unknown device to the user.

One object of the present invention is to provide a
portable test instrument to test semiconductor diodes
regardless of the diode orientation relative to the test
probes.

A further object of the present invention is to pro-
vide a portable test instrument which generates a bipo-
lar signal to test semiconductor diodes in both
orientations and indicates the diode forward bias volt-
age drop regardless of the diode orientation relative to
the test probes.

Another object of the present invention is to provide
a portable test instrument which generates a bipolar
signal to test semiconductor diodes in both orientations
and indicates the orientation of the diode relative to the
test probes and the diode forward bias voltage drop.

An additional object of the present invention is to
provide a portable test instrument which generates a
bipolar signal consisting of an a.c. sine wave to test
semiconductor diodes and indicates the orientation of
the diode relative to the test probes and the diode for-
ward bias voltage drop.

Other features, attainments, and advantages will
become apparent to those skilled in the art upon a read-
ing of the following description when taken in conjunc-
tion with the accompanying drawings.

Brief Description of the Drawings

FIG. 1 is a simplified block diagram of a diode test
apparatus using a unipolar voltage source accord-
ing to the prior art;

FIG. 2 is a front elevational view an automatic diode
tester according to the preferred embodiment of the
present invention;

FIG. 3 is a simplified block diagram of the automatic
diode tester of FIG. 2;

FIG. 4 is a combination graph and block diagram
illustrating a test signal, decision process and out-
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put display representing an open circuit in the
device under test;

FIG. 5 is a combination graph and block diagram
illustrating a test signal, decision process and out-
put display representing a short circuit in the device
under test;

FIG. 6 is a combination graph and block diagram
illustrating a test signal, decision process and out-
put display representing a diode in the forward
direction in the device under test;

FIG. 7 is a combination graph and block diagram
illustrating a test signal, decision process and out-
put display representing a diode in the reverse
direction in the device under test;

FIG. 8 is a combination graph and block diagram
illustrating a test signal, decision process and out-
put display representing an unknown circuit in the
device under test; and

FIG. 9 is a simplified block diagram of the automatic
diode tester according to the alternative embodi-
ment of the present invention.

Detailed Description of the Invention

FIG. 1 illustrates an apparatus known in the prior
art for implementing a diode test function in a digital
multimeter. A device under test (DUT) 10 is coupled via
a pair of test probes 12 to an instrument 14. The probes
12 are colored red and black and are coupled to a cor-
responding input of the instrument 14 to maintain a pre-
determined test polarity to the DUT 10. A d.c. voltage
source 16 provides a known d.c. voltage and is applied
in series with a source resistor 18 across the DUT 10.
The resulting voltage drop which appears as the voltage
TEST SIGNAL across the DUT 10 forms as a result of
the voltage divider relation of the resistance of DUT 10
with the source resistor 18. The DUT 10 is coupled to an
analog-to-digital converter (ADC) 20 which converts the
TEST SIGNAL to a digital measurement value which is
further coupled to a microprocessor 22 which may per-
form formatting and scaling operations on the measure-
ment value. The microprocessor 22 is coupled to a
display 24 which displays the measurement value to the
user.

To perform a diode measurement, the user must
place the test probes 12 across each end of the device
as shown and obtain a reading. Next, the user must
reverse the test probes 12 and obtain another reading.
A normal diode will have a forward junction voltage of
approximately 0.6 volts for a conventional silicon diode
but may be higher or lower depending on the construc-
tion of the diode. The reverse junction voltage will be
substantially close to that of the voltage source 16. The
decision on whether the diode is good or bad is open to
interpretation by the user and requires knowledge of the
readings obtained by placing the probes 12 in both ori-
entations.

FIG. 2 is illustrates a diode test apparatus accord-
ing to the present invention. An instrument 50 is coupled
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via a pair of test probes 52a-b to a device under test
(DUT) 54. The test probes 52a-b are respectively
colored red and black to indicate their respective polar-
ity. The instrument 50 is shown displaying the results of
a typical diode test of the DUT 54 comprising a silicon
diode with the cathode end coupled to the red probe
52a and the anode end coupled to the black probe 52b.
A display 66 is preferably a dot-matrix liquid crystal dis-
play (LCD) device suitable for graphically displaying the
forward junction voltage of the device and the orienta-
tion of the diode relative the test probes 52a (red) and
52b (black).

FIG. 3 is a simplified block diagram of the instru-
ment 50 illustrating the operation of its various compo-
nents. The test probes 52a-b are coupled to the DUT 54
which are in turn coupled to the instrument 50. The red
test probe 52a and the black test probe 52b are coupled
to their respective instrument terminals of the instru-
ment 50 in order to maintain a known polarity with the
DUT 54. An a.c. (alternating current) voltage source 56
provides a bipolar signal of known magnitude and is
coupled in series with a source resistor 58 across the
DUT 54. The voltage drop across the DUT 54 is the
TEST SIGNAL. A pair of input terminals of an ADC 60
are coupled across the DUT 54 to receive the TEST
SIGNAL. ADC 60 produces digital measurement values
which are representative of the value of the TEST SIG-
NAL which are received by a microprocessor 62. In the
preferred embodiment, the a.c. voltage source 56 pro-
vides an a.c. sine wave of known frequency and ampli-
tude.

The ADC 60 samples the TEST SIGNAL at a sam-
ple rate fast enough to capture the maximum negative
amplitude value (NEG_MAX) and the maximum positive
amplitude value (POS_MAX) over one cycle of the a.c.
sine wave which are detected and stored in a memory
64 which is coupled to the microprocessor 62.
POS_MAX and NEG_MAX are captured by comparing
the incoming stream of measurement values against
the current POS_MAX and NEG_MAX values and stor-
ing those measurement values of greater magnitude as
the new POS_MAX or NEG_MAX values. Magnitude is
obtained by calculating the absolute value of a positive
or negative value. The microprocessor 62 executes an
instrument control program to perform a first compari-
son by comparing POS_MAX value against a predeter-
mined set of values to obtain a first diode state. A
second comparison is performed by comparing
NEG_MAX value against the predetermined set of val-
ues to obtain a second diode state. The decision proc-
ess produces a device status of the DUT 54. Possible
device statuses include an open circuit, a short circuit, a
diode in forward direction (relative to the test probes), a
diode in reverse direction, or an unknown circuit. The
device status is sent to the display 66 to be displayed in
graphical format. If the device status is that of a diode in
the forward or reverse direction, the forward bias junc-
tion voltage is also sent to the display 66.
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FIG. 4 includes a graph illustrating a representative
TEST SIGNAL as shown by a trace 40 which is present
at the input terminals of the ADC 60 (shown in FIG. 3)
when the device status of the DUT 54 is an open circuit.
The TEST SIGNAL as shown is a sine wave have peak
positive and negative values labeled POS_MAX and
NEG_MAX respectively.

The decision process performed by the microproc-
essor 62 first involves the first comparison of the value
of POS_MAX and the second comparison of
NEG_MAX against a set of predetermined values for
short and open circuits which have been chosen empir-
ically to provide a reliable differentiation between func-
tional diode junction voltages and open or short circuits.
POS_OPEN and NEG_OPEN are values chosen to
determine when the DUT 54 is an open circuit. Because
the amplitude of the TEST SIGNAL is known, the values
of POS_OPEN and NEG_OPEN are chosen to indicate
when the voltage drop across the DUT 54 is high
enough to indicate an open circuit. For example, the
magnitude of the open circuit limit may be 2.7 volts such
that POS_OPEN is +2.7 volts and NEG_OPEN is -2.7
volts. Similarly, POS_SHORT and NEG_SHORT are
values chosen to determine when the voltage drop
across the DUT 54 is low enough to indicate a short cir-
cuit. For example, the magnitude of the short circuit limit
may be chosen to be 0.2 volts such that POS_SHORT
is +0.2 volts and NEG_SHORT is - 0.2 volts.

Superimposed on the graph are a representative
set of such predetermined open and short values corre-
sponding to POS_OPEN, NEG_OPEN, POS_SHORT,
and NEG_SHORT, not to scale, to illustrate the decision
process to arrive at a device status. Centered around 0
volts are the limits to detect a short circuit,
POS_SHORT and NEG_SHORT. Also centered around
0 volts are the limits to detect an open circuit,
POS_OPEN and NEG_OPEN.

A diode state box 44 to the right of the graph repre-
sents a set of diode states which are the results of the
first and second comparisons of the values of
POS_MAX and NEG_MAX with the set of predeter-
mined open and short values. with a magnitude greater
than the open circuit limit is assigned a diode state of
OPEN. A value of POS_MAX or NEG_MAX with a mag-
nitude less than the short circuit limit is assigned a
diode state of SHORT. A value of POS_MAX or
NEG_MAX with a magnitude between the open and
short circuit limits is assigned a diode state of OK.

As shown in FIG. 4, the decision process reaches a
conclusion on the device status based on the diode
states assigned to POS_MAX and NEG_MAX from the
first and second comparison. In the first comparison,
the magnitude of POS_MAX is greater than
POS_OPEN resulting in a first diode state of OPEN. In
the second comparison, the magnitude of NEG_MAX is
greater than NEG_OPEN resulting in a second diode
state of OPEN. Because both diode states are OPEN,
the decision process produces a device status of
OPEN. The display 66 is configured to display the
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device status graphically as shown on the display 66
labeled DISPLAY. It is to understood that the particular
choice of display method and graphic symbol used to
convey the device status information to the user may
vary from that shown in FIG. 4. The shape of the graphic
symbol shown in the preferred embodiment is one cho-
sen empirically to convey the information as quickly as
possible to the user in an easily understandable format.
Here, the open circuit symbol corresponds to an open
circuit symbol commonly found in electronic circuit
schematic drawings. With an open circuit device status,
there is no valid numerical information to display and the
display 66 is configured with the letters "OL" for over-
load which is commonly understood in the art to mean
that the numerical value is out of the measurement
range of the instrument 50.

FIG. 5 illustrates a graph that is identical the graph
of FIG. 4 but with an INPUT SIGNAL representing a
short circuit in the DUT 54. In the first comparison, the
magnitude of POS_MAX is less than POS_SHORT
resulting in a first diode state of SHORT. In the second
comparison, the magnitude of NEG_MAX is less than
NEG_SHORT resulting in a second diode state of
SHORT. Because both diode states are SHORT, the
decision process produces a device status of SHORT.
The display 66 is configured to display the device status
SHORT as shown. A graphical symbol clearly indicating
a short circuit is displayed. In accordance with the pre-
ferred embodiment of present invention, a short circuit
device status results numerical information being dis-
played in the form of an average according to the equa-
tion AVG =[POS_MAX + NEG_MAX]/2 which yields
an average value close to 0 if POS_MAX and
NEG_MAX are substantially equal in magnitude.

FIG. 6 illustrates a graph that is identical to the
graph of FIG. 4 but with an INPUT SIGNAL representing
a semiconductor diode with a cathode end coupled to
the red probe 52a (shown in FIG. 3) and an anode end
coupled to the black probe 52b. In the first comparison,
the magnitude of POS_MAX is greater than
POS_OPEN resulting in a first diode state of OPEN. In
the second comparison, the magnitude of NEG_MAX is
greater than NEG_SHORT but less than NEG_OPEN
resulting in a second diode state of OK. Because the
first diode state is OPEN and the second diode state is
OK, the decision process produces a device status of
DIODE in the forward orientation. The display 66 is con-
figured to display the device status DIODE as shown.
The forward orientation chosen is arbitrary, with the
graphical symbol of the diode having the cathode on the
same side as with the word RED as shown on the right
side of the display 66 which corresponds to the cathode
of the actual diode and red test probe 52a. The value of
NEG_MAX represents the forward voltage drop of the
diode in the DUT 54 and is displayed numerically on the
display 66 above the diode symbol.

FIG. 7 illustrates a graph that is identical to the
graph of FIG. 4 but with an INPUT SIGNAL representing
a semiconductor diode with an anode end coupled to
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the red probe 52a (shown in FIG. 3) and a cathode end
coupled to the black probe 52b. In the first comparison,
the magnitude of POS_MAX is greater than
POS_SHORT but less than POS_OPEN resulting in a
first diode state of OK. In the second comparison, the
magnitude of NEG_MAX is greater than NEG_OPEN
resulting in a second diode state of OPEN. Because the
first diode state is OK and the second diode state is
OPEN, the decision process produces a device status
of DIODE in the reverse orientation. The display 66 is
configured to display the device status DIODE as
shown. The reverse orientation chosen is opposite that
of the forward orientation, with the graphical symbol of
the diode having the cathode on the same side as with
the word BLACK as shown on the left side of the display
66 which corresponds to the cathode of the actual diode
and black test probe 52b. The value of POS_MAX rep-
resents the forward voltage drop of the diode in the DUT
54 and is displayed numerically on the display 66 above
the diode symbol.

FIG. 4, FIG. 5, FIG. 6, and FIG. 7 cover the combi-
nations of the first and second diode states that result in
a known device status, including open circuit, short cir-
cuit, diode in forward orientation, and diode in reverse
orientation. All other combinations of the diode state
indications result in a single unknown device status in
which the instrument 50 (shown in FIG. 3) is unable to
reach a conclusion regarding the DUT 54. The combi-
nations of the first and second diode states that result in
an unknown device status include OPEN-SHORT,
SHORT-OPEN, OK-SHORT, SHORT-OK, and OK-OK.

FIG. 8 illustrates a graph that is identical to the
graph of FIG. 4 but with an INPUT SIGNAL representing
an unknown device in the DUT 54. In the first compari-
son, the magnitude of POS_MAX is greater than
POS_SHORT but less than POS_OPEN resulting in a
first diode state of OK. In the second comparison, the
magnitude of NEG_MAX is greater than NEG_SHORT
but less than NEG_OPEN resulting in a second diode
state of OK. Because the first and second diode states
are both OK, the decision process produces a device
status of UNKNOWN. The display 66 is configured to
display the device status UNKNOWN as shown. A
graphical symbol clearly indicating a "?" is displayed. In
the preferred embodiment of the present invention, an
unknown circuit results in numerical information being
displayed in the form of an average according to the
equation AVG = [(POS_MAX + NEG_MAX) /2] which
yields a value close to 0 if POS_MAX and NEG_MAX
are substantially equal in magnitude. This condition is
likely to occur if the unknown device is a resistor which
conducts current in either direction. If the unknown
device has some unipolar attributes, such as a combi-
nation of a diode in parallel with a resistor, a non-zero
AVG value may occur. Thus, the AVG value has sub-
stantial utility to the user who is faced with an otherwise
unknown device.

FIG. 9 is a simplified block diagram of the instru-
ment 50 according to the alternative embodiment. The
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a.c. voltage source 56 has been replaced with a d.c.
(direct current) voltage source 57 and commutating
switch 59 which together provide a bipolar signal. Com-
mutating switch 59 is a double-pole, double throw switch
with contacts 59a and 59b which may be constructed
using mechanical or semiconductor technologies. Con-
tacts 59a and 59b are coupled such that the d.c. voltage
source 57 provides a bipolar d.c. test voltage to the DUT
54 by commutating the polarity of the d.c. voltage
source 57. The operation of the instrument 50 and the
decision processes illustrated in FIG. 4 through FIG. 8
are essentially identical in the alternative embodiment
except that only one measurement by the ADC 60 in the
positive polarity of the TEST SIGNAL to obtain the value
POS_MAX and one measurement in the negative polar-
ity of the TEST SIGNAL to obtain the value NEG_MAX
are necessary.

It will be obvious to those having ordinary skill in the
art that many changes may be made in the details of the
above described preferred embodiments of the inven-
tion without departing from the spirit of the invention in
its broader aspects. For example, two d.c. voltage
sources rather than one d.c. voltage source may be
employed to obtain the bipolar d.c. test voltage. If an
a.c. sine wave source is used as in the preferred
embodiment, the ADC 60 may be synchronized to take
a sample only at the positive peak of the a.c. sine wave
signal and another sample only at the negative peak in
order to obtain the values of POS_MAX and NEG_MAX
with a minimum of sampling operations and with no
need to comparing measurement values to find
POS_MAX and NEG_MAX among the stream of meas-
urement data. Other wave shapes, such as sawtooth
waves may be employed in place of the sine wave as
long as the signal is bipolar and its positive and negative
peak voltage values may be measured. Therefore, the
scope of the present invention should be determined by
the following claims.

Claims

1. In an electronic test instrument, a method for auto-
matically testing semiconductor diodes, compris-

ing:

(a) applying a bipolar voltage across a device
under test;

(b) measuring a positive and a negative voltage
developed across said device under test
responsive to said bipolar voltage;

(c) comparing said positive voltage and said
negative voltage to a set of predetermined
open circuit and short circuit values to provide
a first and a second diode state;

(d) determining a device status to be one of
open circuit, short circuit, diode, and unknown
from said first and second diode states; and
(e) displaying said device status.
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2. A method for automatically testing semiconductor
diodes according to claim 1 when said device sta-
tus is diode, said method comprising the steps of:

(a) determining an orientation of said diode;
and

(b) displaying said orientation and a selected
one of said positive voltage and said negative
voltage corresponding to a forward bias junc-
tion voltage.

3. A method for automatically testing semiconductor
diodes according to claim 1 when said device sta-
tus is unknown, said method comprising the steps
of:

(a) calculating an average value of said maxi-
mum positive voltage and said maximum nega-
tive voltage; and

(b) displaying said average value.

4. A method for automatically testing semiconductor
diodes according to claim 1 when said device sta-
tus is short circuit, said method comprising the
steps of:

(a) calculating an average value of said maxi-
mum positive voltage and said maximum nega-
tive voltage; and

(b) displaying said average value.

5. A method for automatically testing semiconductor
diodes according to claim 1 further comprising dis-
playing said device status as a graphical symbol.

6. A method for automatically testing semiconductor
diodes according to claim 1 further applying said
bipolar voltage as an a.c. sine wave.

7. A method for automatically testing semiconductor
diodes according to claim 6 further determining
said positive voltage from a maximum positive volt-
age and said negative voltage from a maximum
negative voltage in a given cycle of said a.c. sine
wave.

8. A method for automatically testing semiconductor

diodes according to claim 1 further applying said
bipolar voltage as a positive d.c. voltage followed by
a negative d.c. voltage.

9. In an electronic test instrument, a method for auto-
matically testing semiconductor diodes, compris-
ing:

(a) applying an a.c. sine wave across a device
under test;

(b) measuring a maximum positive voltage and
a maximum negative voltage developed across
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said device under test responsive to said a.c.
sine wave;

(c) comparing said maximum positive voltage
and said maximum negative voltage to a set of
predetermined open circuit and short circuit
values to provide a first and a second diode
state;

(d) determining a device status to be one of
open, short, diode, and unknown responsive to
said first and second diode states;

(e) if said device status is open, displaying said
device status;

(f) if said device status is short, calculating an
average value of said maximum positive volt-
age and said maximum negative voltage and
displaying said device status and said average
value;

(9) if said device status is diode, further deter-
mining an orientation of said diode and display-
ing said device status, said orientation, and a
selected one of said maximum positive voltage
and said maximum negative voltage corre-
sponding to a forward bias junction voltage;
and

(h) if said device status is unknown, calculating
an average value of said maximum positive
voltage and said maximum negative voltage
and displaying said device status and said
average value.

A portable test instrument adapted for testing sem-
iconductor diodes, comprising:

(a) an input for coupling to a device under test;
(b) a bipolar voltage source coupled across
said input for developing a test signal across
said device under test;

(c) an analog to digital converter coupled to
said input for converting said test signal into
measurement values;

(d) a microprocessor coupled to said analog to
digital converter for processing said measure-
ment values and detecting maximum positive
and maximum negative values from said meas-
urement values, comparing said maximum
positive and maximum negative values to a set
of predetermined open circuit and short circuit
values, and determining a device status from
said measurement values; and

(e) a display device coupled to said microproc-
essor for displaying said device status.

A portable test instrument according to claim 10
wherein said display device is a graphical display
and said device status is displayed as a graphical
symbol.

A portable test instrument according to claim 10
wherein said bipolar voltage is an a.c. sine wave.

10

15

20

25

30

35

40

45

50

55

13. A portable test instrument according to claim 10
wherein said bipolar voltage is a positive d.c. volt-
age followed by a negative d.c. voltage.
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